In order to obtain an optimal combination of welding parameters to weld an aluminum alloy (6082-T6) with MIG (Metal Inert Gas) it was used an L27 Taguchi orthogonal array. The array originated 27 different combinations that gives rise to 27 welding programs for the metal pulsed spray mode. The welds were made in aluminum bars using an industrial robot. All welds were repeated three times to ensure string repeatability. Metallographic tests were performed on the weld beads for measuring the width bead, penetration and reinforcement. Measurement data was analyzed for signal/noise and analysis of variance (ANOVA). Applying the Taguchi's method, an optimal combination of welding parameters was reached.
Introduction
The increase in the use of aluminum in recent years means that processes related to this material are increasingly being researched with the aim of better control and to obtain better quality products. Since welding is a very complex process and with little room for errors, it requires a thorough and rigorous research.
In spite of the evident advantages of aluminum alloys, they have some disadvantages when compared with the iron-carbon alloys, evidencing the need of a greater quality control in the manufacturing processes [1] , due to a greater difficulty in welding these materials [2, 3] . One of the most limiting phenomena of fusion welding in aluminum alloys with traditional processes is the arising of residual stresses generated during the welding process, which in turn can cause cracking [4] or warping of the structure [4, 5] . A high residual stress level has another profoundly negative consequence in the industry, and is related to the significant decrease in fatigue life in welded structures [6, 7] .
Considered as a powerful tool for the planning of experiments in manufacturing processes, the Taguchi method is often used in association with other statistical or optimization techniques [8] , allowing a more profound, efficient and thorough analysis results obtained from the tests.
Materials and Methods

Welding Aluminium Alloy
The fusion welding normally applied for joining aluminum alloys is gas arc welding (Gas Metal Arc Welding-GMAW). One of the gas shielding processes used for welding aluminum alloys is the MIG process using argon as an inert gas, which was applied in this work. In this process the parts to be connected are heated, forming an electric arc between the parts and the consumable electrode, this arc being protected by a gas atmosphere of argon.
The MIG process is a versatile process, easily adapted for automatic welding. This process allows the welding in several positions with high productivity, due to the high speed of welding. The deposition rate is very high because the current density is high. Another advantage of this method is that deposition of the addition metal is done with low hydrogen content.
Welding parameters consist of factors that are regulated by controlling as characteristics of the weld bead. Knowing the effect of each variable in relation to the various characteristics or properties of the weld, is a process that presents more satisfactory results.
Experimental Working
Selection of Welding Parameters
The welding parameters for the pulsed spray mode deposition were initially defined, which parameters will remain constant throughout the welding of all beads, Table 1 . The parameters to be optimized refer to the beginning and ending of the welding bead, which are 12 parameters, each with three levels, Table 2 , being the combined levels according to the orthogonal array of Taguchi L27, originating 27 different programs. These 27 programs are carried out 3 times, thus ensuring repeatability of the parameters. Table 2 . Parameters and levels which were used to optimize. 
Nº Symbol
Making the Weld Beads
To implement the weld beads, it were used three aluminum bars, as shown in Figure 1 . On each bar it was done six surfacing welds, see Figure 2 . The programs were repeated tree times to guarantee the repeatability. In Figure 2 it is possible to observe the number of each program, this is, for each bar it were carried out six weld beads with different parameters and combination levels. In order to minimize the influence of welding temperature in the weld bead geometry, it was applied a time delay of 10 min between them. For the total work were welded 81 weld beads. After all the welding beads have been made, metallographic samples were prepared to measure the width (L), the penetration (P) and the reinforcement (R), using a macroscope (Figure 3) .
The metallographic samples undergo various processes until they could be analyzed. After the cut is carried out the hot mounting of the samples, this assembly facilitates handling of the samples during the processes of chemical etching and macroscopic visualization. 
Signal-to-Noise Ratio
The Taguchi method frequently uses a two-step optimization process. The first step uses the signal-to-noise ratio to determine those control factors that reduce variability. The second step identifies the control factors that move the mean to target and have a small on the signal-to-noise ratio. The signal-to-noise ratio measures how the response varies relative to a target value under different noise conditions. For the present work were used two different targets, "nominal is best" (Equation (1)) for penetration and bead width and "smaller is better" (Equation (2)) for the reinforcement.
where is the standard deviation, n is the number of observations and yi is the measured characteristic. Higher values of the signal-to-noise ratio identify control factor settings that minimize the effects of the noise factors.
The mean signal-to-noise ratio curves for Pulsed mode are shown through Figure 4 for width, Figure 5 for penetration and Figure 6 for reinforcement. Observing the previous Figures it is possible to determine the optimal combination for each geometric characteristic analyzed. So, for the width bead the optimal combination is A1B1C2D2E2F2G3H1I3J1K2L1. Already for penetration, the optimal combination is A2B1C3D1E2F3G2H2I3J3K1L3. Finally, for the reinforcement the optimal combination is A1B1C3D2E1F2G3H1I3J3K3L3.
ANOVA Analysis
The use of the ANOVA analysis allows to highlight the parameters with greater influence for the measured characteristic. The ANOVA analysis has as main objective to determine the most Parameter Levels influent welding parameters in the geometric characteristics to be controlled, in this case, the bead width, penetration and reinforcement.
For an analysis of the bead width in the pulsed mode, the parameter A, corresponding to the pre-gas flow, is shown as the most influential, with a contribution of 21.45%. The parameter F, gas factor, stands out as the second most influential, with 12.43% contribution, Table 3 . For the penetration analysis, the parameter D, corresponding to the anti-adhesion correction, has the greatest influence, with a contribution of 14.25%. It is also worth noting the parameter G, corresponding to the initial current, as the second largest influence with 11.98% contribution, Table 4 . For an analysis of the reinforcement, the evidence was the parameter C, corresponding to the wire feed speed, as the largest influence with 19.19% contribution. It is also worth noting the parameter J, corresponding to the initial time, as in the second largest influence with 18.97% contribution, Table 5 . 
Conclusions
With the Taguchi method, it was possible to carry out the study with a reduced number of experimental tests.
The graphs of the mean signal-to-noise ratio allowed the authors to select the optimal parameter sequence for each dimension. For Pulsed mode, the optimal combination for the bead width consists of the values of 0.1 s of Pre-gas flow, 0. The ANOVA analysis allows to demonstrate the most influential parameters and their contribution to each dimension under study. For the bead width, the parameter Pre-gas flow as the greater influence, with 21.45% of contribution and was verified that Gas factor was the second most influent, with 12.43% of contribution. For the bead penetration, the Anti-adhesion correction parameter was the most influential, with a 14.25% of contribution and the Initial current as the second largest influence, with a contribution of 11.98%. Finally, for the bead reinforcement, the parameter Wire feed speed was the one that had the greatest influence, with 19.18% contribution and the initial time was the second most influential, with a contribution of 18.96%.
